
WO 2008/013643PCT/US2007/015041 IMPROVED PROCESS FOR
MANUFACTURING TITANIUM DIOXIDE PIGMENT       The
present invention relates to processes for
manufacturing chloride-process titanium dioxide
pigments, and in particular, to processes for wet- or
media-milling crude chloride-process titanium dioxide
pigments prior to the application of inorganic oxide
and organic finishing treatments.       Titanium
dioxide pigments are used in paints, plastics, paper,
and cosmetics where the pigment powders are added to
color and/or opacify the desired application.
Generally, the ruffle pigments are prepared by
oxidizing titanium tetrachloride in the vapor phase.
The resulting oxidation product is a crude titanium
dioxide pigment containing substantial amounts of
oversized particles To render this crude product
suitable for use as a pigment in any of these various
end uses, typically the crude titanium dioxide
pigment is made into an aqueous slurry which is then
wet- or media-milled in the presence of .a milling
medium (such as zircon sand, for example, in the
manner of U.S. Patent No. 5,544,817 to Brownbridge et
al.) and surface modified with any of various
inorganic oxides, such as Si02, All203, Zr02 and
Ce02. A variety of organic finishing or surface
treatments are well known as well.       The use of
slurries which are highly concentrated in the crude
chloride-process titanium dioxide product (high
solids slurries) is very desirable for improving the
efficiency of the media-milling step and increasing
the throughput of the milling and finishing parts of
the overall manufacturing process. The limiting
factor on using higher solids crude TiO2 slurries is
the viscosity of the slurry, in that increasing
amounts of the crude oxidation product correspond
also to increasing slurry viscosities. Increased
slurry viscosities in turn translate into increased
energy requirements for milling the crude product
and/or less than optimal mixing and less than smooth
and uniform coatings of the inorganic oxides added as
mentioned above.  WO 2008/013643PCT/1JS2007/015041
Consequently, various approaches have been suggested
over the years for making high solids, aqueous
slurries of crude chloride process titanium dioxide
materials with lower viscosities. For example, U.S.
Patent No. 6,528,568 B2 to Kinniard et al. describes
a problem encountered in the particular context of
making very durable, dense silica-treated grades with
good gloss and opacity, in that on the dense silica
treatment of wet-milled slurries of the crude
product/oxidizer disrharge agglomeration and
formation of strong aluminum silicate bonds were
found to occur. The resulting agglomerated materials
were resistant to fluid energy milling to the desired
particle sizes, and optical properties were
compromised as a result. Kinniard et al.'s solution
involved partially or substantially removing salt
from the oxidizer discharge and adding a dispersant
to the high solids slurry before milling, to provide
a "highly dispersed, highly deagglomerated slurry"
that could then be dense silica-treated without
agglomerating to an extent whereby satisfactory
optical properties could not be realized after fluid
energy milling. Salt removal was to be accomplished
by neutralizing and washing the raw oxidizer
discharge to substantially reduce the salt content A
low viscosity, high solids (50 to 60+ percent) shiny
was then repulped with water containing a dispersant,
prior to the media milling. 



U.S. Patent No. 5,501,732 to Niedenzu describes the
use of various viscosity reducents during milling of
a high solids slurry (ranging from 30 to 85 percent
solids), such as triethanolamine, 2-amino-2 methyl
-1-propanol, trimethylol propane, tetrapotassium
pyrophosphate or mixtures thereof; in the context of
making a silanized titanium dioxide pigment
Other references, for example, U.S. Patent No.
5,622,628 to Trendell et al. and -U.S. Patent No.
4,978,396 to Story, are not concerned as in the
present invention with production of a high solids,
low viscosity shiny suitable for media milling, but
are instead concerned with producing concentrated
slurries of surface treated, finished pigments having
low viscosities.  Trendell et al. is similar though
to Kinniard et al. in filtering and washing the
resultant filtercake to remove soluble ionic species,
before fully concentrating the slurry from about 50
percent solids up to 70 to 80 percent solids through
cross-flow filtration. Story uses a dewatering step
conducted at superatmospheric pressure to concentrate
a slurry from 20 to 50 percent solids to from about
70 to about 80 percent solids. Summary of Invention
In a first aspect, there is provided a process for
manufacturing a titanium dioxide pigment, comprising
the steps of: a) preparing an initial aqueous, high
solids slurry that includes crude titanium dioxide
from the oxidation of titanium tetrachloride, a
dispersant and water, wherein said initial aqueous,
high solids slurry comprises at least 50 percent by
weight of crude titanium dioxide; b) diluting said
initial aqueous, high solids slurry by adding a
further amount of water thereto, to provide a certain
targeted, lesser solids concentration of the crude
titanium dioxide, wherein said crude titanium dioxide
that is present in said diluted, lesser solids
concentration slurry is at least 2 percent less than
said initial, high solids concentration, and said
diluted, lesser solids concentration slurry does not
exceed a solids concentration of 61% by weight based
on the weight of said diluted, lesser solid slurry;
c) media-milling said diluted aqueous, lesser solids
slurry; d) recovering said media-milled, crude
titanium dioxide product; and e) finishing said
media-milled, crude titanium dioxide product to
produce a finished titanium dioxide pigment product.
The present invention provides an improved process
for making a titanium dioxide pigment, wherein a) a
high solids slurry is prepared by gathering materials
including crude titanium dioxide from the oxidation
of titanium tetrachloride, a dispersant and water and
then mixing the gathered materials to form the
slurry, b) the high solids slurry is then diluted
with the addition with mixing of a further amount of
water and c) the resulting slurry is then
media-milled. The media-milled pigment is then suited
for  



being conventionally finished through treatment with
inorganic and/or organic finishing treatments and
fluid energy milling.       Surprisingly, it has been
found that forming an aqueous slurry having a higher
concentration of the crude titanium dioxide oxidizer
product and then diluting the slurry to a lesser
solids concentration results in a lower viscosity
material for media milling and finishing, as compared
to the circumstance wherein the slurry is made up
initially to the lesser concentration using the same
crude product, same dispersant and same water. In
brief, by forming the slurry in a different manner,
compositionally identical slurries can be prepared
having different viscosities.       In a first
embodiment of the present invention, reflecting this
first aspect of producing a slurry to be media-milled
having a certain, high content of the crude titanium
dioxide product but with a lesser viscosity, the
initial high solids slurry is prepared to a solids
concentration that is above a desired or targeted
lesser concentration of the crude titanium dioxide
product, and the  dilution is to provide the desired
or targeted lesser concentration. This first aspect
of the present invention offers significant value,
for example, in addressing the problems mentioned by
Kinniard et al. (U.S. Pat. No. 6,528,568 B2) of
making dense silica-treated titanium dioxide pigments
which are otherwise prone to agglomeration, as a
sufficient reduction in viscosity can be made by the
inventive process leading into media-milling and the
dense silica treatment such that the salt-removal
steps indicated as necessary by Kinniard et al. can
be omitted as unnecessary.       In another
embodiment, by reason of this phenomenon, a slurry
having an increased solids concentration can be
prepared that nevertheless possesses the same
viscosity for media milling as a slurry prepared
directly to a lesser solids concentration. In this
embodiment, a slurry is formed comprising crude
titanium dioxide, water and a dispersant at a first,
elevated solids concentration, and water is added to
dilute the slurry to a targeted viscosity
corresponding to that viscosity characterizing a
slurry directly prepared and made up from the same
materials without a dilution step. Even after
dilution, the slurry prepared and diluted to the
targeted viscosity according to the present invention
possesses a higher solids content. Those skilled in
the art will appreciate that this higher solids
content means that the drying costs per ton of
pigment can be reduced and overall productivity
improved from the milling and finishing operations as
a whole, adding significant value in this embodiment
as well.       The process of the present invention
concerns improved processes for making titanium
dioxide pigments via the well-known chloride process,
wherein a titanium-bearing ore and/or slag feed is
chlorinated in the presence of a reductant such as a
petroleum coke to produce titanium tetrachloride,
unreacted feed and coke as well as undesired
chlorination products (for example, waste metal
chlorides from other metals present in the ore and/or
slag feed) are  



separated from the desired titanium tetrachloride
chlorination product, then the titanium tetrachloride
is oxidized to provide a crude titanium dioxide
product.       Conventionally the crude titanium
dioxide product is incorporated with a dispersant
into water to form a slurry, and the slurry is wet-
or media-milled in the presence of a grinding medium
such as, for example, zircon sand. Thereafter,
inorganic and/or organic surface treatments are
typically employed in various combinations with a
filtering, washing and recovery of the titanium
dioxide and with fluid energy milling/micronization
of the titanium dioxide, to produce ultimately a
finished titanium dioxide product which is adapted
for a desired end use. Those skilled in the art will
be well familiar with the materials, devices and
process steps that can be conventionally employed for
taking a media-milled, crude titanium dioxide product
through to a finished titanium dioxide pigment, and
as these subsequent steps have no bearing on the
present invention, further description will not be
undertaken herein of the finishing of the
media-milled, crude titanium dioxide materials
produced by the present invention.       The present
invention is concerned more particularly with
enabling the media milling of high solids slurries
with reduced viscosities, or of higher solids
slurries with a given characteristic viscosity,
according to the aspects and embodiments mentioned
above, respectively.       As has been mentioned,
these objectives are obtainable by means of the
discovery that a 60 percent solids slurry made from
crude chloride-process titanium dioxide, a dispersant
and water can be made to have a lower viscosity for
being milled in a sand mill, for example, by making
up a slurry that contains in excess of 60 percent
solids, then adding in the requisite amount of
dilution water with further mixing to achieve the 60
percent solids content. In like fashion, a slurry can
be made by the same dilution method which has more
than 60 percent  WO 2008/013643PCT/US2007/015041
solids, but which has the same viscosity for
media-milling as only a 60 percent solids slurry that
is made up directly from the crude chloride-process
titanium dioxide, a dispersant and water.
Preferably the high solids slurries made by the
present invention comprise at least 50 percent by
weight of crude pigment, and more preferably at least
about 60 percent by weight of the crude pigment
solids. Preferably the initial, higher solids slurry
prepared according to the present invention in its
first aspect is at least about 2 percent above the
targeted final solids content of the slurry for media
milling, and is diluted accordingly to the targeted
final solids content. Thus, for example, where the
slurry to be media-milled is desirably 60 percent by
weight of crude titanium dioxide, preferably the
initial slurry is prepared to contain at least about
62 percent of the crude titanium dioxide material. 



Illustrative Examples        Crude titanium dioxide
pigment obtained from the vapor phase oxidation of
titanium tetrachloride and containing 0.8% alumina in
its crystalline lattice was dispersed in water in the
presence of 0.18% by weight (based on pigment) of
sodium hexametaphosphate (SHMP) dispersant, along
with a sufficient amount of sodium hydroxide to
adjust the pH of the dispersion to 9.5 or greater, to
achieve an aqueous dispersion with a solids content
of 61% by weight Using a Brookfield Viscometer (Model
DV-1, Spindle #5, 100 rpm), the viscosity of the
crude pigment slurry made with 61% solids was found
to be 906 cP at 21C.       A slurry was then prepared
by the same method to a 63% solids content, and then
diluted with mixing with additional water to the same
61% solids content. This shiny had a measured
viscosity of only 284 cP at 21C.       Similarly,
other crude pigment slurries of various solids
contents were prepared directly and then by
overconcentration and dilution according to the
present invention, and the viscosities  WO
20081013643PCT/US2007/015041 of each such slurry were
measured for comparison. The results are presented in
Table 1. Samples made by the direct method were
stirred for several hours to see if any change was
observed in the viscosity, but no change was
observed. Table 1 



Pct. Solids, Ending Slurry Direct Method (cP)
Dilution Method (P) 62.6 1060 



61 906 284 58.4 544 132 57.4 



416 106 55.4 280 72 54.4 246 60 



The results in Table 1 demonstrate that a very
significant reduction in the viscosity of an aqueous,
crude chloride process timnium dioxide pigment slurry
can be achieved readily and simply according to the
present invention in a first aspect before media
milling, without reducing the solids content and so
reducing throughput. The results in Table 1 further
demonstrate that for an equivalent viscosity going
into media milling, according to the second aspect of
the present invention the solids content of the crude
pigment slurry can be desirably increased to improve
throughput and productivity, for example, from a
solids content of about 55.4% (shown as having a
viscosity of 280 centipoise, for a slurry prepared by
the conventional direct method) to  WO
20081013643PCT/US2007/015041 a solids content of
about 61% (measured viscosity of 284 centipoise for a
slurry prepared by the method of the present
invention).  WHAT IS CLAIMED 1S I.A process for
manufacturing a titanium dioxide pigment, comprising
the steps of: 



a) preparing an initial aqueous, high solids slurry
that includes crude titanium dioxide from the
oxidation of titanium tetrachloride, a dispersant and
water, wherein said initial aqueous, high solids
slurry comprises at least 50 percent by weight of
crude titanium dioxide; I) diluting said initial
aqueous, high solids slurry by adding a further
amount of water thereto, to provide a certain
targeted, lesser solids concentration of the crude
titanium dioxide, wherein said crude titanium dioxide
that is present in said diluted, lesser solids
concentration slurry is at least 2 percent less than
said initial, high solids concentration, and said
diluted, lesser solids concentration slurry does not
exceed a solids concentration of 61% by weight based
on the weight of said diluted, lesser solid slurry;
c) media-milling said diluted aqueous, lesser solids
slurry; d) recovering said media-milled, crude
titanium dioxide product; and e) finishing said
media-milled, crude titanium dioxide product to
produce a finished titanium dioxide pigment product.
2.A process as defined in Claim 1, wherein the
preparation of said initial aqueous, high  solids
slurry and the dilution thereof are done
continuously, for providing a crude titanium dioxide
slurry continuously to be media-milled.  



3.A process as defined in Claim 1, wherein the
initial aqueous, high solids slurry comprises at
least about 60 percent by weight of crude titanium
dioxide. 


